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(57) ABSTRACT 

This invention provides compositions and methods for 
inducing and enhancing immune responses, such as antigen 
speci?c cytotoxic T lymphocyte (CTL) responses, using 
chimeric molecules comprising endoplasmic reticulum 
chaperone polypeptides and antigenic peptides. In particular, 
the invention provides compositions and methods for 
enhancing immune responses induced by polypeptides made 
in vivo by administered nucleic acid, such as naked DNA or 
expression vectors, encoding the chimeric molecules. The 
invention provides a method of inhibiting the groWth of a 
tumor in an individual. The invention also provides novel 
self-replicating RNA virus constructs for enhancing immune 
responses induced by chimeric polypeptides made in vivo. 
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MOLECULAR VACCINE LINKING AN 
ENDOPLASMIC CHAPERONE POLYPEPTIDE TO 

AN ANTIGEN 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

[0001] This invention Was made With Federal Government 
support under grants from National Institutes of Health; 
R01 CA72631; from the NCDDG, RFA CA-95-020. The 
United States government may have certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention, in the ?eld of immunology and 
medicine, provides compositions and methods for inducing 
enhanced antigen-speci?c immune responses, particularly 
those mediated by cytotoxic T lymphocytes (CTL), using 
chimeric or hybrid nucleic acid molecules that encode an 
endoplasmic reticulum chaperone polypeptide, e.g., calreti 
culin, and a polypeptide or peptide antigen. Naked DNA and 
self-replicating RNA replicon vaccines are provided. 

[0004] 2. Description of the Background Art 

[0005] DNA vaccines have become an attractive approach 
for inducing antigen-speci?c immunotherapy. Forms of 
DNA vaccines include “naked” DNA, such as plasmid DNA 
(US. Pat. Nos. 5,580,859; 5,589,466; 5,703,055), viral 
DNA, and the like. Basically, a DNA molecule encoding a 
desired immunogenic protein or peptide is administered to 
an individual and the protein is generated in vivo. Use of 
“naked” DNA vaccines has the advantages of being safe 
because, e.g., the plasmid itself has loW immunogenicity, it 
can be easily prepared With high purity and, compared to 
proteins or other biological reagents, it is highly stable. 
HoWever, DNA vaccines have limited potency. Several 
strategies have been applied to increase the potency of DNA 
vaccines, including, e.g., targeting antigens for rapid intra 
cellular degradation; directing antigens to antigen presenting 
cells (APCs) by fusion to ligands for APC receptors; fusing 
antigens to chemokines or to antigenic pathogenic 
sequences, co-injection With cytokines or co-stimulatory 
molecules or adjuvant compositions. 

[0006] Cancer vaccines are an attractive approach for 
cancer treatment because they may have the potency to 
eradicate systemic tumor in multiple sites in the body and 
the speci?city to discriminate betWeen neoplastic and non 
neoplastic cells (Pardoll (1998) Nature Med. 41525-531). 
Anti-tumor effects of the immune system are mainly medi 
ated by cellular immunity. The cell-mediated component of 
the immune system is equipped With multiple effector 
mechanisms capable of eradicating tumors, and most of 
these anti-tumor immune responses are regulated by T cells. 
Therefore, it is hoped that cancer vaccines, particularly as 
DNA vaccines, aimed at enhancing tumor-speci?c T cell 
responses Will be developed to control tumors. 

[0007] HPV oncogenic proteins, E6 and E7, are co-ex 
pressed in most cervical cancers associated With HPV and 
are important in the induction and maintenance of cellular 
transformation. Therefore, vaccines targeting E6 or E7 pro 
teins may provide an opportunity to prevent and treat 
HPV-associated cervical malignancies. HPV-16 E7, a Well 
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characteriZed cytoplasmic/nuclear protein that is more con 
served than E6 in HPV-associated cancer cells, has been 
exploited in a number of HPV vaccines. 

[0008] Calreticulin (CRT), an abundant 46 kilodalton 
(kDa) protein located in the lumen of the cell’s endoplasmic 
reticulum (ER), displays lectin activity and participates in 
the folding and assembly of nascent glycoproteins. See, e.g., 
Nash (1994) Mol. Cell. Biochem. 135171-78; Hebert (1997) 
J. Cell Biol. 1391613-623; Vassilakos (1998) Biochemistry 
3713480-3490; Spiro (1996) J. Biol. Chem. 271111588 
11594. CRT associates With peptides transported into the ER 
by transporters that are associated With antigen processing, 
such as TAP-1 and TAP-2 (Spee (1997) Eur. J. Immunol. 
2712441-2449). CRT also forms complexes With peptides in 
vitro. Upon adminsitration to mice, these complexes, elic 
ited peptide-speci?c CD8+ T cell responses (Basu (1999) J. 
Exp. Med. 1891797-802; Nair (1999) J. Immunol. 16216426 
6432). CRT puri?ed from murine tumors elicited immunity 
speci?c for the tumor from Which the CRT Was taken, but 
not for an antigenically distinct tumor (Basu, supra). By 
pulsing mouse dendritic cells (DCs) in vitro With a CRT 
peptide complex, the peptide Was re-presented by MHC 
class I molecules on the DCs to stimulate a peptide-speci?c 
CTL response (Nair, supra). 

[0009] CRT also has anti-angiogenic effects. CRT and a 
fragment comprising amino acid residues 1-180, Which has 
been called “vasostatin,” are endothelial cell inhibitors that 
can suppress tumor groWth (Pike (1999) Blood. 9412461 
2468). Tumor groWth and metastasis depend on the exist 
ence of an adequate blood supply. As tumors groW larger, 
adequate blood supply to the tumor tissue is often ensured by 
neW vessel formation, a process termed angiogenesis. (Folk 
man (1982) Ann. NY Acad. Sci. 4011212-27; Hanahan 
(1996) Cell. 861353-364). Therapeutic agents that target and 
damage tumor vasculature can prevent or delay tumor 
groWth and even promote regression or dormancy. 

[0010] Self-replicating RNA vaccines (RNA replicons) 
have emerged as an important, more potent form of nucleic 
acid vaccines. RNA replicon vaccines may be derived from 
alphavirus vectors, such as Sindbis virus (Xiong (1989) 
Science 24311188-1191), Semliki Forest virus (Ying (1999) 
Nature Med. 51823-827), or Venezuelan equine encephalitis 
virus (Pushko (1997) Virology 2391389-401) vectors. These 
vaccines are self-replicating and self-limiting and may be 
administered as either RNA or DNA, Which is then tran 
scribed into RNA replicons in transfected cells or in vivo. 
(Berglund (1998) Nature Biotechnol. 161562-565). Self 
replicating RNA infects a diverse range of cell types and 
alloWs the expression of the antigen of interest at high levels 
(Huang (1996) Curr. Opin. Biotechnol. 71531-535). Addi 
tionally, self-replicating RNA eventually causes lysis of 
transfected cells because viral replication is toxic to infected 
host cells (Frolov (1996) J. Virol. 7011182-1190). These 
vectors therefore do not raise the concern associated With 
naked DNA vaccines of integration into the host genome. 
This is particularly important for vaccine development tar 
geting proteins that are potentially oncogenic, such as the 
HPV E6 and E7 proteins. 

[0011] Chen (2000) Cancer Research 6011035-1042 dem 
onstrated that linkage of human papillomavirus type 16 
(HPV-16) E7 antigen to Mycobacterium tuberculosis heat 
shock protein 70 (HSP70) leads to the enhancement of DNA 
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vaccine potency. Other studies have demonstrated that 
immunization With heat shock protein (HSP) complexes 
isolated from tumor or virus-infected cells are able to induce 
potent anti-tumor (JanetZki (1998) J. Immunother. 21:269 
276) or antiviral immunity (Heikema (1997) Immunol. Lett. 
57:69-74). Immunogenic HSP-peptide complexes can also 
be reconstituted in vitro by mixing the peptides With HSPs 
(Ciupitu (1998) J. Exp. Med. 187:685-691). HSP-based 
protein vaccines can also be administered by fusing antigens 
to HSPs (SuZue (1996) J. Immunol. 156:873-879, HSP70 
fusion protein elicited humoral and cellular immune 
responses to HIV-1 p24). These experiments demonstrate 
that 1) HSP-peptide complexes derived from tumor cells or 
virus-infected cells can stimulate tumor or virus-speci?c 
immunity; 2) the speci?city of this immune response is 
caused by tumor-derived peptides that are bound to HSPs 
and not caused by the HSPs themselves; and 3) the immune 
response can be induced in mice With MHC either identical 
or different to the MHC of donor HSPs (PrZepiorkia (1998) 
Mol. Med. Today 4:478-484; Srivastava (1998) Immunity 
8:657-665). While these investigations have made HSPs 
more attractive for use in immunotherapy, the only HSP 
vaccines that have been tested thus far are in the form of 
protein-based vaccines or DNA-based vaccines. 

SUMMARY OF THE INVENTION 

[0012] The invention provides a nucleic acid encoding a 
chimeric protein comprising a ?rst polypeptide domain 
comprising an endoplasmic reticulum chaperone polypep 
tide and a second polypeptide domain comprising at least 
one antigenic peptide. The antigenic peptide can comprise 
an MHC Class I-binding peptide epitope. The antigenic 
peptide, e.g., the MHC class I-binding peptide epitope, can 
be betWeen about 8 amino acid residues and about 11 amino 
acid residues in length. 

[0013] The endoplasmic reticulum chaperone polypeptide 
includes any ER polypeptide having chaperone functions 
similar to the exemplary chaperones calreticulin, calnexin, 
tapasin, or ER60 polypeptides; or, analogues or mimetics 
thereof, or, functional fragments thereof. Such functional 
fragments can be screened using routine screening tests, e.g., 
as described in Examples 1 and 2, beloW. Thus, in alternative 
embodiments, the endoplasmic reticulum chaperone 
polypeptide comprises or consists of a calnexin polypeptide 
or an equivalent thereof, an ER60 polypeptide or an equiva 
lent thereof, a GRP94/GRP96 or a GRP94 polypeptide or an 
equivalent thereof, or, a tapasin polypeptide or an equivalent 
thereof. 

[0014] In one embodiment, the calreticulin polypeptide 
comprises a human calreticulin polypeptide. In alternative 
embodiments, the human calreticulin polypeptide sequence 
can comprises SEQ ID NO:1, or, it can consist essentially of 
a sequence from about residue 1 to about residue 180 of SEQ 
ID NO:1, or, it can consist essentially of a sequence from 
about residue 181 to about residue 417 of SEQ ID NO:1. 

[0015] In one embodiment, the antigen (e.g., the MHC 
class I-binding peptide epitope) is derived from a pathogen, 
e.g., it comprises a peptide expressed by a pathogen. The 
pathogen can be a virus, such as, e.g., a papilloma virus, a 
herpesvirus, a retrovirus (e.g., an immunode?ciency virus, 
such as HIV-1), an adenovirus, and the like. The papilloma 
virus can be a human papilloma virus; for example, the 
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antigen (e.g., the Class I-binding peptide) can be derived 
from an HPV-16E7 polypeptide. In one embodiment, the 
HPV-16 E7 polypeptide is substantially non-oncogenic, i.e., 
it does not bind retinoblastoma polypeptide (pRB) or binds 
pRB With such loW af?nity that the HPV-16 E7 polypeptide 
is effectively non-oncogenic When expressed or delivered in 
v1vo. 

[0016] In alternative embodiments, the pathogen is a bac 
teria, such as Bordetella pertrssis; Ehrlichia cha?eensis; 
Staphylococcus aureus; Toxoplasma gondii; Legionella 
pneumophila; Brucella suis; Salmoizella enterica; Myco 
bacterium avium; Mycobacterium tuberculosis; Listeria 
monocytogenes; Chlamydia trachomatis; Chlamydia pneu 
moniae; Rickettsia rickettsi; or, a fungi, such as, e.g., Para 
coccia'ioia'es brasiliensis; or other pathogen, e.g., Plasmo 
dium falciparum. 

[0017] In another embodiment, the MHC class I-binding 
peptide epitope is derived from a tumor cell. The tumor 
cell-derived peptide epitope can comprise a tumor associ 
ated antigen, e.g., a tumor speci?c antigen, such as, e.g., a 
HER-2/neu antigen. 

[0018] In one embodiment, the isolated or recombinant 
nucleic acid molecule is operatively linked to a promoter, 
such as, e.g., a constitutive, an inducible or a tissue-speci?c 
promoter. The promoter can be expressed in any cell, 
including cells of the immune system, including, e.g., anti 
gen presenting cells (APCs), e.g., in a constitutive, an 
inducible or a tissue-speci?c manner. 

[0019] In alternative embodiments, the APCs are dendritic 
cells, keratinocytes, astrocytes, monocytes, macrophages, B 
lymphocytes, a microglial cell, or activated endothelial cells, 
and the like. 

[0020] The invention also provides an expression cassette 
comprising a nucleic acid sequence encoding a chimeric 
protein comprising a ?rst polypeptide domain comprising an 
endoplasmic reticulum chaperone polypeptide and a second 
polypeptide domain comprising at least one antigenic pep 
tide. In alternative embodiments, the ?rst domain comprises 
a calreticulin polypeptide and the second domain comprises 
an MHC class I-binding peptide epitope. In alternative 
embodiments, the expression cassette comprises an expres 
sion vector, a recombinant virus (e.g., an adenovirus, a 
retrovirus), a plasmid. The expression cassette can comprise 
a self-replicating RNA replicon. The self-replicating RNA 
replicon can comprise a Sindbis virus self-replicating RNA 
vector, such as, e.g., a Sindbis virus self-replicating RNA 
vector SINrepS (US. Pat. No. 5,217,879). As With all 
applicable embodiments of the invention, the ER chaperone 
polypeptide can include any ER polypeptide having chap 
erone functions similar to the exemplary chaperones calreti 
culin, 1, tapasin, or ER60 polypeptides; or, analogues or 
mimetics thereof, or, functional fragments thereof. 

[0021] The invention also provides a particle comprising a 
nucleic acid encoding a chimeric protein comprising a ?rst 
polypeptide domain comprising an endoplasmic reticulum 
chaperone polypeptide and a second polypeptide domain 
comprising at least one antigenic peptide. In one embodi 
ment, the isolated particle comprising an expression cassette 
comprising a nucleic acid sequence encoding a fusion pro 
tein comprising at least tWo domains, Wherein the ?rst 
domain comprises a calreticulin polypeptide and the second 
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domain comprises an MHC class I-binding peptide epitope. 
The isolated particle can comprise any material suitable for 
particle bombardment, such as, e.g., gold. The ER chaperone 
polypeptide can include any ER polypeptide having chap 
erone functions similar to the exemplary chaperones calreti 
culin, calnexin, tapasin, or ER60 polypeptides, as discussed 
herein. 

[0022] The invention also provides a cell comprising a 
nucleic acid sequence encoding a chimeric protein compris 
ing a ?rst polypeptide domain comprising an endoplasmic 
reticulum chaperone polypeptide and a second polypeptide 
domain comprising at least one antigenic peptide. In one 
embodiment, the cell comprises an expression cassette com 
prising a nucleic acid sequence encoding a fusion protein 
comprising at least tWo domains, Wherein the ?rst domain 
comprises a calreticulin polypeptide and the second domain 
comprises an MHC class I-binding peptide epitope. The cell 
can be transfected, infected, transduced, etc., With a nucleic 
acid of the invention or infected With a recombinant virus of 
the invention. The cell can be isolated from a non-human 
transgenic animal comprising cells comprising expression 
cassettes of the invention. Any cell can comprise an expres 
sion cassette of the invention, such as, e.g., cells of the 
immune system or antigen presenting cells (APCs). The 
APCs can be a dendritic cell, a keratinocyte, a macrophage, 
a monocyte, a B lymphocyte, an astrocyte, a microglial cell, 
or an activated endothelial cell. 

[0023] The invention also provides a chimeric polypeptide 
comprising a ?rst polypeptide domain comprising an endo 
plasmic reticulum chaperone polypeptide and a second 
polypeptide domain comprising at least one antigenic pep 
tide. The antigenic peptide can comprise an MHC Class 
I-binding peptide epitope. The ER chaperone polypeptide 
can be chemically linked to the antigenic peptide, e.g., as a 
fusion protein (e.g., a peptide bond), that can be, e.g., 
synthetic or recombinantly produced, in vivo or in vitro. The 
polypeptide domains can be linked by a ?exible chemical 
linker. 

[0024] In alternative embodiments, the ?rst polypeptide 
domain of the chimeric polypeptide can be closer to the 
amino terminus than the second polyeptide domain, or, the 
second polypeptide domain can be closer to the amino 
terminus than the ?rst polypeptide domain. The ER chap 
erone polypeptide can include any ER polypeptide having 
chaperone functions similar to the exemplary chaperones 
calreticulin, calnexin, tapasin, or ER60 polypeptides, as 
discussed herein. 

[0025] The invention provides a pharmaceutical compo 
sition comprising a composition of the invention capable of 
inducing or enhancing an antigen speci?c immune response 
and a pharmaceutically acceptable excipient. In alternative 
embodiments, the composition comprises: a chimeric 
polypeptide comprising a ?rst domain comprising an endo 
plasmic reticulum chaperone polypeptide and a second 
domain comprising an antigenic peptide; a nucleic acid 
molecule encoding a fusion protein comprising a ?rst 
polypeptide domain comprising an endoplasmic reticulum 
chaperone polypeptide and a second polypeptide domain an 
antigenic peptide; an expression cassette comprising a 
nucleic acid sequence encoding a fusion protein comprising 
a ?rst domain comprising an endoplasmic reticulum chap 
erone polypeptide and a second domain comprising an 

Mar. 10, 2005 

antigenic peptide; a particle comprising a nucleic acid 
sequence encoding a fusion protein comprising a ?rst 
domain comprising an endoplasmic reticulum chaperone 
polypeptide and a second domain comprising an antigenic 
peptide; or, a cell comprising a nucleic acid sequence 
encoding a fusion protein comprising a ?rst domain com 
prising an endoplasmic reticulum chaperone polypeptide 
coding sequence and a second domain comprising an anti 
genic peptide. The ER chaperone polypeptide can include 
any ER polypeptide having chaperone functions similar to 
the exemplary chaperones calreticulin, calnexin, tapasin, or 
ER60 polypeptides, as discussed herein. 

[0026] The invention provides a method of inducing or 
enhancing an antigen speci?c immune response comprising: 
(a) providing a composition comprising a composition of the 
invention capable of inducing or enhancing an antigen 
speci?c immune response, Which, in alternative embodi 
ments, can be: a chimeric polypeptide comprising a ?rst 
domain comprising an endoplasmic reticulum chaperone 
polypeptide and a second domain comprising an antigenic 
peptide; a nucleic acid molecule encoding a fusion protein 
comprising a ?rst polypeptide domain comprising an endo 
plasmic reticulum chaperone polypeptide and a second 
polypeptide domain an antigenic peptide; an expression 
cassette comprising a nucleic acid sequence encoding a 
fusion protein comprising a ?rst domain comprising an 
endoplasmic reticulum chaperone polypeptide and a second 
domain comprising an antigenic peptide; a particle compris 
ing a nucleic acid sequence encoding a fusion protein 
comprising a ?rst domain comprising an endoplasmic reticu 
lum chaperone polypeptide and a second domain comprising 
an antigenic peptide; or, a cell comprising a nucleic acid 
sequence encoding a fusion protein comprising a ?rst 
domain comprising an endoplasmic reticulum chaperone 
polypeptide coding sequence and a second domain compris 
ing an antigenic peptide; and, (b) administering an amount 
of the composition suf?cient to induce or enhance an antigen 
speci?c immune response. The antigen speci?c immune 
response can comprise cellular response, such as a CD8+ 
CTL response. The antigen speci?c immune response can 
also comprise an antibody-mediated response, or, a humoral 
and a cellular response. 

[0027] In practicing the method the composition can 
administered ex vivo, or, the composition can be adminis 
tered ex vivo to an antigen presenting cell In 
alternative embodiments, the APC is a dendritic cell, a 
keratinocyte, a macrophage, a monocyte, a B lymphocyte, 
an astrocyte, a microglial cell, or an activated endothelial 
cell. The APC can be a human cell. The APC can be isolated 
from an in vivo or in vitro source. The method can further 
comprise administering the ex vivo-treated APC to a mam 
mal, a human, a histocompatible individual, or to the same 
individual from Which it Was isolated. Alternatively, the 
composition is administered directly in vivo to a mammal, 
e.g., a human. 

[0028] The composition can be administered intramuscu 
larly, intradermally, or subcutaneously. The composition, 
e.g., the nucleic acid, expression cassette or particle, can be 
administered by ballistic injection. The composition can be 
administered intratumorally or peritumorally. 

[0029] In alternative embodiment of the method, the anti 
genic peptide can be derived from a virus, such as a human 
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papilloma virus. The antigenic peptide can be an HPV-16 E7 
peptide. The antigenic peptide can be a tumor-speci?c or a 
tumor-associated peptide, such as a HER-2/neu peptide. 

[0030] The invention provides a method of increasing the 
numbers of CD8+ CTLs speci?c for a desired antigen in an 
individual comprising: (a) providing a composition com 
prising: a chimeric polypeptide comprising a ?rst domain 
comprising an endoplasmic reticulum chaperone polypep 
tide and a second domain comprising an antigenic peptide; 
a nucleic acid molecule encoding a fusion protein compris 
ing a ?rst polypeptide domain comprising an endoplasmic 
reticulum chaperone polypeptide and a second polypeptide 
domain an antigenic peptide; an expression cassette com 
prising a nucleic acid sequence encoding a fusion protein 
comprising a ?rst domain comprising an endoplasmic reticu 
lum chaperone polypeptide and a second domain comprising 
an antigenic peptide; a particle comprising a nucleic acid 
sequence encoding a fusion protein comprising a ?rst 
domain comprising an endoplasmic reticulum chaperone 
polypeptide and a second domain comprising an antigenic 
peptide; or, a cell comprising a nucleic acid sequence 
encoding a fusion protein comprising a ?rst domain com 
prising an endoplasmic reticulum chaperone polypeptide 
coding sequence and a second domain comprising an anti 
genic peptide; Wherein the MIC class I-binding peptide 
epitope is derived from the antigen, and, (b) administering 
an amount of the composition suf?cient to increase the 
numbers of antigen-speci?c CD8+ CTL. 

[0031] The invention provides a method of inhibiting the 
groWth of a tumor in an individual comprising: (a) providing 
a composition comprising: a chimeric polypeptide compris 
ing a ?rst domain comprising an endoplasmic reticulum 
chaperone polypeptide and a second domain comprising an 
antigenic peptide; a nucleic acid molecule encoding a fusion 
protein comprising a ?rst polypeptide domain comprising an 
endoplasmic reticulum chaperone polypeptide and a second 
polypeptide domain an antigenic peptide; an expression 
cassette comprising a nucleic acid sequence encoding a 
fusion protein comprising a ?rst domain comprising an 
endoplasmic reticulum chaperone polypeptide and a second 
domain comprising an antigenic peptide; a particle compris 
ing a nucleic acid sequence encoding a fusion protein 
comprising a ?rst domain comprising an endoplasmic reticu 
lum chaperone polypeptide and a second domain comprising 
an antigenic peptide; or, a cell comprising a nucleic acid 
sequence encoding a fusion protein comprising a ?rst 
domain comprising an endoplasmic reticulum chaperone 
polypeptide coding sequence and a second domain compris 
ing an antigenic peptide; and, (b) administering an amount 
of the composition sufficient to inhibit the groWth of the 
tumor. In one embodiment of the invention, the composition 
is administered intratumorally or peritumorally. The com 
position can be co-administered With a second composition 
comprising anti-angiogenesis activity, such as angiostatin, 
endostatin or TIMP-2, or an equivalent thereof, or a mixture 
thereof. The composition can be co-administered With a 
radiotherapy or a chemotherapy composition. 

[0032] The invention also provides self-replicating RNA 
virus constructs comprising nucleic acids encoding the 
immune response enhancing fusion proteins of the inven 
tion, including, e.g., chimeric proteins comprising ER chap 
erones and antigenic peptides, heat shock proteins and 
antigenic peptides, and equivalents thereof and mixtures 
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thereof. In one embodiment, the self-replicating RNA virus 
comprises a Sindbis virus self-replicating RNA vector, such 
as SINrepS, as discussed in Example 2, beloW. 

[0033] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

[0034] All publications, patents, patent applications, Gen 
Bank sequences and ATCC deposits, cited herein are hereby 
expressly incorporated by reference for all purposes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 shoWs a schematic diagram of the recom 
binant DNA constructs encoding calreticulin (CRT), HPV 
polypeptide E7, and the fusion protein of the invention 
calreticulin/E7 (CRT/E7), as discussed in Example 1, beloW. 

[0036] FIG. 2A shoWs tWo-dimensional histograms sum 
mariZing FACS (?oW cytometry) analysis of splenocytes 
from mice vaccinated With negative control and DNA 
expressing CRT alone, E7 alone and the CRT/E7 fusion 
protein of the invention, and stained With antibodies for CD8 
and INF-gamma; as discussed in Example 1, beloW. FIG. 2B 
shoWs a schematic summary of the histogram data. 

[0037] FIG. 3 shoWs a schematic summary of data shoW 
ing the quantity of anti-HPV 16 E7 antibodies in the sera of 
vaccinated mice as determined by a direct ELISA tWo Weeks 
after the last vaccination With construct only and constructs 
encoding CRT alone, E7 alone, CRT/E7 fusion protein, and, 
a mixture of tWo construct expressing CRT and E7 indi 
vidually, as discussed in Example 1, beloW. 

[0038] FIG. 4 shoWs a schematic summary of in vivo 
tumor protection experimental data in Which mice Were 
vaccinated With various DNA vaccine constructs and later 
challenged With E7-expressing tumor, as discussed in 
Example 1, beloW. 

[0039] FIG. 5 shoWs a schematic summary of data from 
experiments in Which mice Were ?rst injected With tumor 
cells, folloWed by vaccination With various naked DNA 
constructs (including a one Week booster after day 1 of 
vaccination); thereafter the mean number of pulmonary 
nodules Was assessed; data are expressed as mean number of 
pulmonary metastatic tumor nodules +SEM as a function of 
days post tumor cell challenge, as discussed in Example 1, 
beloW. 

[0040] FIG. 6 shoWs a schematic summary of data of CTL 
assays using Db-restricted E7-speci?c CD8+ T cells as 
effector cells against 293 DbKb target cells transfected With 
various naked DNA constructs, as discussed in Example 1, 
beloW. 

[0041] FIG. 7 shoWs a schematic summary of data from a 
cross-priming experiment to characteriZe the MHC class I 
presentation of E7 dendritic cells pulsed With cell lysates of 
293 DbKb cells transfected With various naked DNA con 
structs. E7-speci?c CD8+ T cells served as effector cells; 
bone marroW-derived DCs Were pulsed With a serial dilution 
of lysates of transfected 293 DbKb cells (50 mg/ml, 10 
mg/ml, 2 mg/ml and 0.4 mg/ml); DCs Were used as target 
cells While E7-speci?c CD8+ T cells served as effector cells 
as discussed in Example 1, beloW. 
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[0042] FIG. 8 shows a schematic summary of data from 
an experiment designed to evaluate the role of CRT/E7 
fusion polypeptides as compared to E7 or CRT polypeptide 
alone in the treatment of TC-1 tumor metastases in the lungs 
Without any immune effector cells (i.e., in nude mice); nude 
mice Were ?rst challenged With tumor cells and tWo days 
after challenged With TC-1 tumor cells; thereafter mice Were 
vaccinated With various naked DNA constructs. On day 9 
and day 16, these mice Were boosted With the same regimen 
as the ?rst vaccination. The mice Were sacri?ced on day 21 
and the pulmonary nodules of each mouse Were evaluated 
and counted, as discussed in Example 1, beloW. 

[0043] FIG. 9A shoWs a schematic diagram of SINrepS, 
SINrep5-HSP70, SINrep5-E7, SINrep5-E7/HSP70 DNA 
constructs. FIG. 9B shoWs a schematic diagram of RNA 
transcript derived from these DNA constructs using SP6 
RNApolymerase as described in detail in Example 2, beloW. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0044] The invention provides compositions and methods 
for enhancing the immune responses, particularly cytotoxic 
T cell immune responses, induced by ex vivo or in vivo 
administration of chimeric polypeptides comprising an 
endoplasmic reticulum chaperone polypeptide and at least 
one antigenic peptide. The chimeric polypeptides can be 
“indirectly” administered by administration of a nucleic acid 
that encodes the chimeric molecule; the nucleic acid con 
struct, and thus the fusion protein, is expressed in vivo. In 
one embodiment, the chimeric nucleic acids or polypeptides 
are administered in the form of DNA vaccines. 

[0045] The fusion protein comprises at least tWo domains: 
the ?rst domain comprises a endoplasmic reticulum chap 
erone polypeptide and the second domain comprises an 
peptide derived from an antigen against Which it is desired 
to induce an immune response. Any endoplasmic reticulum 
chaperone polypeptide, or functional fragment or variation 
thereof, can be used in the invention, such as calreticulin, 
tapasin, ER60 or calnexin polypeptides. 

[0046] The second domain of the chimeric molecule com 
prises an antigenic peptide, Which can be derived from a 
pathogen, a cancer, or any source to Which induction, 
enhancement or suppression of an immune response is 
desired. In one embodiment, the peptide comprises an MHC 
class I-binding peptide epitope. 

[0047] In the methods of the invention, the chimeric 
polypeptide or nucleic acid that encodes it are applied to 
induce or enhance immune responses. In one embodiment, 
the compositions of the invention synergistically enhance 
immune responses and antitumor effects through both 
immunological and anti-angiogenic mechanisms. 

[0048] The experiments described herein demonstrate that 
the methods of the invention can enhance a cellular immune 
response, particularly, a CTL reactivity, induced by a DNA 
vaccine encoding an epitope of a human pathogen. Human 
HPV-16 E7 Was used. It is a model antigen for vaccine 
development because human papillomaviruses (HPVs), par 
ticularly HPV-16, are associated With most human cervical 
cancers. The oncogenic HPV protein E7 is important in the 
induction and maintenance of cellular transformation and 
co-expressed in most HPV-containing cervical cancers and 
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their precursor lesions. Therefore, cancer vaccines, such as 
the compositions of the invention, that target E7 can be used 
to control of HPV-associated neoplasms (Wu (1994) Curr. 
Opin. Immunol. 6:746-754). 

[0049] As described in Example 1, beloW, the results of 
these experiments demonstrate that DNA vaccines compris 
ing nucleic acid encoding a fusion protein comprising CRT 
linked to full-length E7 polypeptide can enhance the potency 
of DNA vaccines. DNAvaccines of the invention containing 
chimeric CRT/E7 fusion genes Were administered to mice by 
ballistic subcutaneous methods. They induced increased 
E7-speci?c CD8+ CTL precursors, thereby improving 
immune protection against the tumors. This increase in 
E7-speci?c CD8+ T cell precursors Was signi?cant as com 
pared to DNA vaccines containing Wild-type E7 or CRT 
genes alone. 

[0050] Furthermore, treatment of C57BL/6 mice (an 
inbred strain With a normal immune system) or nude mice (a 
strain lacking T cells and a functional immune system) With 
either CRT DNA or chimeric CRT/E7 DNA led to reduction 
of lung metastatic nodules and inhibition of angiogenesis 
Within the lung nodules. Thus, the DNA vaccines of the 
invention encoding chimeric CRT/E7 represents a unique 
approach that combines immunological and anti-angiogenic 
approaches for the generation of potent anti-tumor effects. 

[0051] As discussed above, While investigations have 
made heat shock proteins (HSPs) more attractive for use in 
immunotherapy, the only HSP vaccines that have been tested 
thus far are in the form of protein-based vaccines or DNA 
based vaccines. This invention for the ?rst time incorporates 
and describes the administration of antigens, such as HSPs 
and the chimeric polypeptides of the invention, in the form 
of self-replicating RNA vaccines. 

[0052] As described in Example 2, beloW, expression of an 
HSP70-human papillomavirus type 16 (HPV-16) E7 fusion 
protein in a self-replicating RNA vaccine greatly enhanced 
the potency of this antigenic polypeptide When it Was 
expressed in vivo. Results described beloW demonstrated 
that an RNA replicon vaccine containing E7/HSP70 fusion 
genes induced signi?cantly higher E7-speci?c T cell-medi 
ated immune responses than vaccines containing the Wild 
type E7 gene in vaccinated mice. In vitro studies demon 
strated that E7 antigen from E7/HSP70 RNA replicon 
transfected apoptotic cells can be taken up by bone marroW 
derived dendritic cells and presented more ef?ciently 
through the MHC class I pathWay than Wild-type E7 RNA 
replicon-transfected apoptotic cells. The fusion of HSP70 to 
E7 converted a less effective vaccine into one With signi? 
cant potency against E7-expressing tumors. These results 
demonstrated that the use of self-replicating RNA vaccines 
can enhance the immunogenicity of the fusion proteins of 
the invention. 

[0053] A potential mechanism for the enhanced antigen 
speci?c CD8+ T cell immune responses in vivo is the 
presentation of antigen through the MHC class I pathWay by 
uptake of apoptotic bodies from cells expressing the antigen, 
also called “cross-priming”. As discussed in Example 2, 
beloW, CTL assays demonstrated enhanced MHC class I 
presentation of HPV E7 polypeptide in bone marroW derived 
dendritic cells pulsed With apoptotic cells transfected by 
SINrep5-E7/HSP70 RNA. 
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[0054] De?nitions 

[0055] Unless de?ned otherwise, all technical and scien 
ti?c terms used herein have the meaning commonly under 
stood by a person skilled in the art to Which this invention 
belongs. As used herein, the following terms have the 
meanings ascribed to them unless speci?ed otherWise. 

[0056] The term “anti-angiogenic activity” as used herein 
means any form of inhibition of blood vessel groWth (e.g., 
capillary, arteriole, etc.); thus, such activity Would include a 
sloWing in the groWth of blood vessels, or a substituent 
thereof, including, e.g., sloWing or inhibiting the groWth of 
endothelial cells. 

[0057] The term “antigen” or “immunogen” as used herein 
refers to a compound or composition comprising a peptide, 
polypeptide or protein Which is “antigenic” or “immuno 
genic” When administered (or expressed in vivo by an 
administered nucleic acid, e.g., a DNA vaccine) in an 
appropriate amount (an “immunogenically effective 
amount”), i.e., is capable of eliciting, augmenting or boost 
ing a cellular and/or humoral immune response either alone 
or in combination or linked or fused to another substance 

(Which can be administered at once or over several inter 

vals). 
[0058] “Calnexin” describes the Well-characterized mem 
brane protein of the endoplasmic reticulum (ER) that func 
tions as a molecular chaperone and as a component of the 
ER quality control machinery. Calreticulin is a soluble 
analogue of calnexin in vivo, calreticulin and calnexin play 
important roles in quality control during protein synthesis, 
folding, and posttranslational modi?cation. Calnexin 
polypeptides, and equivalents and analogues thereof, are 
species in the genus of ER chaperone polypeptides, as 
described herein (Wilson (2000) J. Biol. Chem. 275 :21224 
2132; DanilcZyk (2000) J. Biol. Chem. 275:13089-13097; 
US. Pat. No. Nos. 6,071,743 and 5,691,306). 

[0059] “Calreticulin” or “CRT” describes the Well-char 
acteriZed ~46 kDa resident protein of the ER lumen that has 
lectin activity and participates in the folding and assembly of 
nascent glycoproteins. CRT acts as a “chaperone” polypep 
tide and a member of the MHC class I transporter TAP 
complex; CRT associates With TAP1 and TAP2 transporters, 
tapasin, MHC Class I heavy chain polypeptide and [32 
microglobulin to function in the loading of peptide epitopes 
onto nascent MHC class I molecules (Jorgensen (2000) Eur. 
J. Biochem. 267:2945-2954). The term “calreticulin” or 
“CRT” refers to polypeptides and nucleic acids molecules 
having substantial identity (de?ned herein) to the exemplary 
CRT sequences as described herein. A CRT polypeptide is a 
polypeptides comprising a sequence identical to or substan 
tially identical (de?ned herein) to the amino acid sequence 
of CRT. An exemplary nucleotide and amino acid sequence 
for a CRT used in the present compositions and methods are 
SEQ ID NO:1 and SEQ ID NO:2, respectively. The terms 
“calreticulin” or “CRT” encompass native proteins as Well 
as recombinantly produced modi?ed proteins that induce an 
immune response, including a CTL response. The terms 
“calreticulin” or “CRT” encompass homologues and allelic 
variants of CRT, including variants of native proteins con 
structed by in vitro techniques, and proteins isolated from 
natural sources. The CRT polypeptides of the invention, and 
sequences encoding them, also include fusion proteins com 
prising non-CRT sequences, particularly MHC class I-bind 
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ing peptides; and also further comprising other domains, 
e.g., epitope tags, enZyme cleavage recognition sequences, 
signal sequences, secretion signals and the like. 

[0060] The term “endoplasmic reticulum chaperone 
polypeptide” as used herein means any polypeptide having 
substantially the same ER chaperone function as the exem 
plary chaperone proteins CRT, tapasin, ER60 or calnexin. 
Thus, the term includes all functional fragments or variants 
or mimics thereof. Apolypeptide or peptide can be routinely 
screened for its activity as an ER chaperone using assays 
knoWn in the art, such as that set forth in Example 1. While 
the invention is not limited by any particular mechanism of 
action, in vivo chaperones promote the correct folding and 
oligomeriZation of many glycoproteins in the ER, including 
the assembly of the MHC class I heterotrimeric molecule 
(heavy chain, 62m, and peptide). They also retain 
incompletely assembled MHC class I heterotrimeric com 
plexes in the ER (Hauri (2000) FEBS Lett. 476:32-37). 

[0061] The term “epitope” as used herein refers to an 
antigenic determinant or antigenic site that interacts With an 
antibody or a T cell receptor (TCR), e.g., the MHC class 
I-binding peptide compositions used in the methods of the 
invention. An “antigen” is a molecule or chemical structure 
that either induces an immune response or is speci?cally 
recogniZed or bound by the product of an immune response, 
such as an antibody or a CTL. The speci?c conformational 
or stereochemical “domain” to Which an antibody or a TCR 
bind is an “antigenic determinant” or “epitope.” TCRs bind 
to peptide epitopes Which are physically associated With a 
third molecule, a major histocompatibility complex (MHC) 
class I or class II protein. 

[0062] The terms “ER60” or “GRP94” or “gp96” or 
“glucose regulated protein 94” as used herein describes the 
Well-characterized ER chaperone polypeptide that is the ER 
representative of the heat shock protein-90 (HSP90) family 
of stress-induced proteins. These bind to a limited number of 
proteins in the secretory pathWay, possibly by recogniZing 
advanced folding intermediates or incompletely assembled 
proteins. ER60 polypeptides, and equivalents and analogues 
thereof, are species in the genus of ER chaperone polypep 
tides, as described herein (Argon (1999) Semin. Cell Dev. 
Biol. 10:495-505; Sastry (1999) J. Biol. Chem. 274:12023 
12035; Nicchitta (1998) Curr. Opin. Immunol. 10:103-109; 
US. Pat. No. 5,981,706). 

[0063] The term “expression cassette” or “expression vec 
tor” as used herein refers to a nucleotide sequence Which is 
capable of affecting expression of a protein coding sequence 
in a host compatible With such sequences. Expression cas 
settes include at least a promoter operably linked With the 
polypeptide coding sequence; and, optionally, With other 
sequences, e.g., transcription termination signals. Additional 
factors necessary or helpful in effecting expression may also 
be included, e.g., enhancers. “Operably linked” refers to 
linkage of a promoter upstream from a DNA sequence such 
that the promoter mediates transcription of the DNA 
sequence. Thus, expression cassettes include plasmids, 
recombinant viruses, any form of a recombinant “naked 
DNA” vector, and the like. A “vector” comprises a nucleic 
acid Which can infect, transfect, transiently or permanently 
transduce a cell. It Will be recogniZed that a vector can be a 
naked nucleic acid, or a nucleic acid complexed With protein 
or lipid. The vector optionally comprises viral or bacterial 
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nucleic acids and/or proteins, and/or membranes (e.g., a cell 
membrane, a viral lipid envelope, etc.). Vectors include, but 
are not limited to replicons (e.g., RNA replicons (see 
Example 2, below), bacteriophages) to Which fragments of 
DNA may be attached and become replicated. Vectors thus 
include, but are not limited to RNA, autonomous self 
replicating circular or linear DNA or RNA, e.g., plasmids, 
viruses, and the like (US. Pat. No. 5,217,879), and includes 
both the expression and nonexpression plasmids. Where a 
recombinant microorganism or cell culture is described as 
hosting an “expression vector” this includes both extrach 
romosomal circular and linear DNA and DNA that has been 
incorporated into the host chromosome(s). Where a vector is 
being maintained by a host cell, the vector may either be 
stably replicated by the cells during mitosis as an autono 
mous structure, or is incorporated Within the host’s genome. 

[0064] The term “chemically linked” refers to any chemi 
cal bonding of tWo moieties, e.g., as in one embodiment of 
the invention, Where an ER chaperone polypeptide is chemi 
cally linked to an antigenic peptide. Such chemical linking 
includes the peptide bonds of a recombinantly or in vivo 
generated fusion protein. 

[0065] The term “chimeric” or “fusion” polypeptide or 
protein refers to a composition comprising at least one 
polypeptide or peptide sequence or domain Which is asso 
ciated With a second polypeptide or peptide domain. One 
embodiment of this invention is an isolated or recombinant 
nucleic acid molecule encoding a fusion protein comprising 
at least tWo domains, Wherein the ?rst domain comprises an 
endoplasmic reticulum chaperone, e. g., CRT, and the second 
domain comprising an antigenic epitope, e.g., an MHC class 
I-binding peptide epitope. Additional domains can comprise 
a polypeptide, peptide, polysaccharide, or the like. The 
“fusion” can be an association generated by a peptide bond, 
a chemical linking, a charge interaction (e.g., eletrostatic 
attractions, such as salt bridges, H-bonding, etc.) or the like. 
If the polypeptides are recombinant, the “fusion protein” can 
be translated from a common message. Alternatively, the 
compositions of the domains can be linked by any chemical 
or electrostatic means. The chimeric molecules of the inven 
tion (e.g., CRT-class I-binding peptide fusion proteins) can 
also include additional sequences, e.g., linkers, epitope tags, 
enZyme cleavage recognition sequences, signal sequences, 
secretion signals, and the like. Alternatively, a peptide can be 
linked to a carrier simply to facilitate manipulation or 
identi?cation/location of the peptide. 

[0066] The term “immunogen” or “immunogenic compo 
sition” refers to a compound or composition comprising a 
peptide, polypeptide or protein Which is “immunogenic,” 
i.e., capable of eliciting, augmenting or boosting a cellular 
and/or humoral immune response, either alone or in com 
bination or linked or fused to another substance. An immu 
nogenic composition can be a peptide of at least about 5 
amino acids, a peptide of 10 amino acids in length, a 
fragment 15 amino acids in length, a fragment 20 amino 
acids in length or greater; smaller immunogens may require 
presence of a “carrier” polypeptide e.g., as a fusion protein, 
aggregate, conjugate or mixture, preferably linked (chemi 
cally or otherWise) to the immunogen. The immunogen can 
be recombinantly expressed from a vaccine vector, Which 
can be naked DNA comprising the immunogen’s coding 
sequence operably linked to a promoter, e.g., an expression 
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cassette. The immunogen includes one or more antigenic 
determinants or epitopes Which may vary in siZe from about 
3 to about 15 amino acids. 

[0067] The term “isolated” as used herein, When referring 
to a molecule or composition, such as, e.g., a CRT nucleic 
acid or polypeptide, means that the molecule or composition 
is separated from at least one other compound, such as a 
protein, other nucleic acids (e.g., RNAs), or other contami 
nants With Which it is associated in vivo or in its natural 
state. Thus, a CRT composition is considered isolated When 
it has been isolated from any other component With Which it 
is natively associated, e.g., cell membrane, as in a cell 
extract. An isolated composition can, hoWever, also be 
substantially pure. An isolated composition can be in a 
homogeneous state and can be dry or in an aqueous solution. 
Purity and homogeneity can be determined, for example, 
using analytical chemistry techniques such as polyacryla 
mide gel electrophoresis (SDS-PAGE) or high performance 
liquid chromatography (HPLC). Thus, the isolated compo 
sitions of this invention do not contain materials normally 
associated With their in situ environment. Even Where a 
protein has been isolated homogenous or dominant band, 
there are trace contaminants Which co-purify With the 
desired protein. 

[0068] The phrase “the HPV-16 E7 polypeptide is non 
oncogenic” as used herein means a variant (e.g., deletion, 
substitution, and the like) of the HPV-16 E7 polypeptide that 
does not 3 bind retinoblastoma polypeptide ORB) or binds 
pRB With such low affinity that the HPV-16 E7 polypeptide 
variant is substantially non-oncogenic. T2V polypeptides, 
including HPV-16 E7 polypeptide, are Well described in the 
art; for HPV-16 E7 GenBank Accession No. AF 125673 (Jun. 
1, 1999) shoWs the complete HPV-16 genome and the 
HPV-16 E7 protein, having the sequence SEQ ED NO:5 (see 
beloW). 
[0069] The terms “polypeptide,”“protein,” and “peptide” 
include compositions of the invention that also include 
“analogues,” or “conservative variants” and “mimetics” or 
“peptidomimetics” With structures and activity that substan 
tially correspond to the polypeptide from Which the variant 
Was derived, including, e.g., human CRT or the Class 
I-binding peptide epitope, as the HPV-16 E7 polypeptide, as 
discussed in detail, beloW. 

[0070] The term “pharmaceutical composition” refers to a 
composition suitable for pharmaceutical use, e.g., as a 
vaccine, in a subject. The pharmaceutical compositions of 
this invention are formulations that comprise a pharmaco 
logically effective amount of a composition comprising, e. g., 
a nucleic acid, or vector, or cell of the invention, and a 
pharmaceutically acceptable carrier. 

[0071] The term “promoter” is an array of nucleic acid 
control sequences Which direct transcription of a nucleic 
acid. As used herein, a promoter includes necessary nucleic 
acid sequences near the start site of transcription, such as, in 
the case of a polymerase II type promoter, a TATA element. 
A promoter also optionally includes distal enhancer or 
repressor elements Which can be located as much as several 
thousand base pairs from the start site of transcription. A 
“constitutive” promoter is a promoter Which is active under 
most environmental and developmental conditions. An 
“inducible” promoter is a promoter Which is under environ 
mental or developmental regulation. A “tissue speci?c” 
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promoter is active in certain tissue types of an organism, but 
not in other tissue types from the same organism. The term 
“operably linked” refers to a functional linkage betWeen a 
nucleic acid expression control sequence (such as a pro 
moter, or array of transcription factor binding sites) and a 
second nucleic acid sequence, Wherein the expression con 
trol sequence directs transcription of the nucleic acid cor 
responding to the second sequence. 

[0072] The term “recombinant” refers to (1) a polynucle 
otide synthesiZed or otherWise manipulated in vitro (e.g., 
“recombinant polynucleotide”), (2) methods of using recom 
binant polynucleotides to produce gene products in cells or 
other biological systems, or (3) a polypeptide (“recombinant 
protein”) encoded by a recombinant polynucleotide. For 
example, recombinant CRT or an MHC class I-binding 
peptide epitope can be recombinant as used to practice this 
invention. “Recombinant means” also encompass the liga 
tion of nucleic acids having various coding regions or 
domains or promoter sequences from different sources into 
an expression cassette or vector for expression of, e.g., 
inducible or constitutive expression of polypeptide coding 
sequences in the vectors used to practice this invention. 

[0073] The term “self-replicating RNA replicon” refers to 
constructs based on RNA viruses, e.g., alphavirus genome 
RNAs (e.g., Sindbis virus, Semliki Forest virus, etc.), that 
have been engineered to alloW expression of heterologous 
RNAs and proteins. These recombinant vectors are self 
replicating (i.e., they are “replicons”) and can be introduced 
into cells as naked RNA or DNA, as described in detail, 
beloW. In one embodiment, the self-replicating RNA repli 
con comprises a Sindbis virus self-replicating RNA vector 
SINrep5, Which is described in detail in US. Pat. No. 
5,217,879. 
[0074] The term “systemic administration” refers to 
administration of a composition or agent such as the molecu 
lar vaccine or the CRT-Class I-binding peptide epitope 
fusion protein described herein, in a manner that results in 
the introduction of the composition into the subject’s circu 
latory system. The term “regional” administration refers to 
administration of a composition into a speci?c anatomical 
space, such as intraperitoneal, intrathecal, subdural, or to a 
speci?c organ, and the like. For example, regional admin 
istration includes administration of the composition or drug 
into the hepatic artery. The term “local administration” 
refers to administration of a composition or drug into a 
limited, or circumscribed, anatomic space, such as intratu 
moral injection into a tumor mass, subcutaneous injections, 
intramuscular injections, and the like. Any one of skill in the 
art Would understand that local administration or regional 
administration may also result in entry of the composition or 
drug into the circulatory system. 

[0075] “Tapasin” is the knoWn ER chaperone polypeptide, 
as discussed above. While not limited by any particular 
mechanism of action, in vivo, tapasin is a subunit of the TAP 
(transporter associated With antigen processing) complex 
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and binds both to TAP1 and MHC class I polypeptides. 
Tapasin polypeptides, and equivalents and analogues 
thereof, are species in the genus of ER chaperone polypep 
tides, as described herein (Barnden (2000) J. Immunol. 
1651322-330, Li(2000) J. Biol. Chem. 2751851-1586. 

[0076] Generating and Manipulating of Nucleic Acids 

[0077] The methods of the invention provide for the 
administration of nucleic acids encoding a CRT-Class I 
epitope binding peptide fusion protein, as described above. 
Recombinant CRT-containing fusion proteins can be syn 
thesiZed in vitro or in vivo. Nucleic acids encoding these 
compositions can be in the form of “naked DN ” or they 
can be incorporated in plasmids, vectors, recombinant 
viruses (e.g., “replicons”) and the like for in vivo or ex vivo 
administration. Nucleic acids and vectors of the invention 
can be made and expressed in vitro or in vivo, a variety of 
means of making and expressing these genes and vectors can 
be used. One of skill Will recogniZe that desired gene activity 
can be obtained by modulating the expression or activity of 
the genes and nucleic acids (e.g., promoters) Within vectors 
used to practice the invention. Any of the knoWn methods 
described for increasing or decreasing expression or activity, 
or tissue speci?city, of genes can be used for this invention. 
The invention can be practiced in conjunction With any 
method or protocol knoWn in the art, Which are Well 
described in the scienti?c and patent literature. 

[0078] General Techniques 

[0079] The nucleic acid sequences used to practice this 
invention, Whether RNA, cDNA, genomic DNA, vectors, 
recombinant viruses or hybrids thereof, may be isolated 
from a variety of sources, genetically engineered, ampli?ed, 
and/or expressed recombinantly. Any recombinant expres 
sion system can be used, including, in addition to bacterial 
cells, e.g., mammalian, yeast, insect or plant cell expression 
systems. Alternatively, these nucleic acids can be synthe 
siZed in vitro by Well-knoWn chemical synthesis techniques, 
as described in, e.g., Carruthers (1982) Cold Spring Harbor 
Symp. Quant. Biol. 471411-418; Adams (1983) J. Am. 
Chem. Soc. 1051661; Belousov (1997) Nucleic Acids Res. 
2513440-3444; Frenkel (1995) Free Radic. Biol. Med. 
191373-380; Blommers (1994) Biochemistry 3317886-7896; 
Narang (1979) Meth. EnZymol. 68:90; BroWn (1979) Meth. 
EnZymol. 681109; Beaucage (1981) Tetra. Lett. 2211859; 
US. Pat. No. 4,458,066. Double stranded DNA fragments 
may then be obtained either by synthesiZing the comple 
mentary strand and annealing the strands together under 
appropriate conditions, or by adding the complementary 
strand using DNA polymerase With an appropriate primer 
sequence. 

[0080] The sequences of CRT, including human CRT, are 
Well knoWn in the art (McCauliffe (1990) J. Clin. Invest. 
861332-335; Burns (1994) Nature 3671476-480; Coppolino 
(1998) Int. J. Biochem. Cell Biol. 301553-558). The nucleic 
acid sequence appears as GenBank Accession 

No. NM 004343 and is SEQ ID NO: 1 . 

l gtccgtactg cagagccgct gccggagggt cgttttaaag ggccgcgttg ccgccccctc 

61 ggcccgccat gctgctatcc gtgccgctgc tgctcggcct cctcggcctg gccgtcgccg 
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-continued 
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121 agcccgccgt ctacttcaag gagcagtttc tggacggaga cgggtggact tcccgctgga 

181 tcgaatccaa acacaagtca gattttggca aattcgttct cagttccggc aagttctacg 

241 gtgacgagga gaaagataaa ggtttgcaga caagccagga tgcacgcttt tatgctctgt 

301 cggccagttt cgagcctttc agcaacaaag gccagacgct ggtggtgcag ttcacggtga 

361 aacatgagca gaacatcgac tgtgggggcg gctatgtgaa gctgtttcct aatagtttgg 

421 accagacaga catgcacgga gactcagaat acaacatcat gtttggtccc gacatctgtg 

481 gccctggcac caagaaggtt catgtcatct tcaactacaa gggcaagaac gtgctgatca 

541 acaaggacat ccgttgcaag gatgatgagt ttacacacct gtacacactg attgtgcggc 

601 cagacaacac ctatgaggtg aagattgaca acagccaggt ggagtccggc tccttggaag 

661 acgattggga cttcctgcca cccaaqaaga taaaggatcc tgatgcttca aaaccggaag 

721 actgggatga gcgggccaag atcgatgatc ccacagactc caagcctgag gactgggaca 

781 agcccgagca tatccctgac cctgatgcta agaagcccga ggactgggat gaagagatgg 

841 acggagagtg ggaaccccca gtgattcaga accctgagta caagggtgag tggaagcccc 

901 ggcagatcga caacccagat tacaagggca cttggatcca cccagaaatt gacaaccccg 

961 agtattctcc cgatcccagt atctatgcct atgataactt tggcgtgctg ggcctggacc 

1021 tctggcaggt caagtctggc accatctttg acaacttcct catcaccaac gatgaggcat 

1081 acgctgagga gtttggcaac gagacgtggg gcgtaacaaa ggcagcagag aaacaaatga 

1141 aggacaaaca ggacgaggag cagaggctta aggaggagga agaagacaag aaacgcaaag 

1201 aggaggagga ggcagaggac aaggaggatg atgaggacaa agatgaggat gaggaggatg 

1261 aggaggacaa ggaggaagat gaggaggaag atgtccccgg ccaggccaag gacgagctgt 

1321 agagaggect gcctccaggg ctggactgag gcctgagcgc tcctgccgca gagcttgccg 

1381 cgccaaataa tgtctctgtg agactogaga actttcattt ttttccaggc tggttcggat 

1441 ttggggtgga ttttggtttt gttcccctcc tccactctec cccaccccct ccccgccctt 

1501 tttttttttt tttttaaact ggtattttat cctttgattc tccttcagcc ctcacccctg 

1561 gttctcatct ttcttgatca acatcttttc ttgcctctgt gccccttctc tcatctctta 

1621 gctcccctcc aacctggggg gcagtggtgt ggagaagcca caggcctgag atttcatctg 

1681 ctctccttcc tggagcccag aggagggcag cagaaggggg tggtgtctcc aaccccccag 

1741 cactgaggaa gaacggggct cttctcattt cacccctccc tttctcccct gcccccagga 

1801 ctgggccact tctgggtggg gcagtgggtc ccagattggc tcacactgag aatgtaagaa 

1861 ctacaaacaa aatttctatt aaattaaatt ttgtgtctc 

[0081] Techniques for the manipulation of nucleic acids, 
such as, e.g., generating mutations in sequences, subcloning, 
labeling probes, sequencing, hybridization and the like are 
Well described in the scienti?c and patent literature. See, 

e.g., Sarnbrook, ed., MOLECULAR CLONING: A LABO 
RATORY MANUAL (2ND ED.), Vols. 1-3, Cold Spring 
Harbor Laboratory, (1989); CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY, Ausubel, ed. John Wiley & 
Sons, Inc., NeW York (1997); LABORATORY TECH 
NIQUES IN BIOCHEMISTRY AND MOLECULAR 
BIOLOGY: HYBRIDIZATION WITH NUCLEIC ACID 

PROBES, Part I. Tijssen, ed. Elsevier, NY. (1993). 

1899 

[0082] Nucleic acids, vectors, capsids, polypeptides, and 
the like can be analyZed and quanti?ed by any of a number 
of general rneans Well knoWn to those of skill in the art. 
These include, e.g., analytical biochernical methods such as 
NMR, spectrophotornetry, radiography, electrophoresis, 
capillary electrophoresis, high performance liquid chroma 
tography (HPLC), thin layer chromatography (TLC), and 
hyperdiffusion chrornatography, various irnrnunological 
methods, eg ?uid or gel precipitin reactions, irnrnunodif 
fusion, irnrnuno-electrophoresis, (radioirnrnunoassays 
(RIAs), enZyrne-linked irnrnunosorbent assays (ELISAs), 
irnrnuno-?uorescent assays, Southern analysis, Northern 
analysis, dot-blot analysis, gel electrophoresis (e.g., SDS 
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PAGE), RT-PCR, quantitative PCP, other nucleic acid or 
target or signal ampli?cation methods, radiolabeling, scin 
tillation counting, and af?nity chromatography. 

[0083] Ampli?cation of Nucleic Acids 

[0084] Oligonucleotide primers can be used to amplify 
nucleic acids to generate fusion protein coding sequences 
used to practice the invention, to monitor levels of vaccine 
after ill vivo administration (e.g., levels of a plasmid or 
virus), to con?rm the presence and phenotype of activated 
CTLs, and the like. The skilled artisan can select and design 
suitable oligonucleotide ampli?cation primers using knoWn 
sequences, e.g., SEQ ID NO:1. Ampli?cation methods are 
also Well knoWn in the art, and include, e.g., polymerase 
chain reaction, PCR(PCR Protocols, A Guide to Methods 
and Applications, ed. Innis, Academic Press, NY. (1990) 
and PCR Strategies (1995), ed. Innis, Academic Press, Inc., 
NY, ligase chain reaction (LCR) (Wu (1989) Genomics 
4:560; Landegren (1988) Science 241:1077; Barringer 
(1990) Gene S9:117); transcription ampli?cation (KWoh 
(1989) Proc. Natl. Acad. Sci. USA 86:1173); and, self 
sustained sequence replication (Guatelli (1990) Proc. Natl. 
Acad. Sci. USA 87:1874); QB replicase ampli?cation (Smith 
(1997) J. Clin. Microbiol. 35:1477-1491; Burg (1996) Mol. 
Cell. Probes 10:257-271) and other RNA polymerase medi 
ated techniques (NASBA, Cangene, Mississauga, Ontario; 
Berger (1987) Methods EnZymol. 152:307-316; US. Pat. 
Nos. 4,683,195 and 4,683,202; Sooknanan (1995) Biotech 
nology 13:563-564). 
[0085] Cloning and Construction of Expression Cassettes 

[0086] Expression cassettes, including plasmids, recom 
binant viruses (e.g., RNA viruses like the replicons 
described beloW) and other vectors encoding the fusion 
proteins described herein are used to express these polypep 
tides in vitro and in vivo. Recombinant nucleic acids are 
expressed by a variety of conventional techniques (Roberts 
(1987) Nature 328:731; Schneider (1995) Protein Expr. 
Purif. 6435:10; Sambrook, supra Tijssen, supra; Ausubel, 
supra). Plasmids, vectors, etc., can be isolated from natural 
sources, obtained from such sources as ATCC or GenBank 
libraries, or prepared by synthetic or recombinant methods. 

[0087] The nucleic acids used to practice the invention can 
be stably or transiently expressed in cells such as episomal 
expression systems. Selection markers can be incorporated 
to confer a selectable phenotype on transformed cells. For 
example, selection markers can code for episomal mainte 
nance and replication such that integration into the host 
genome is not required. For example, the marker may 
encode antibiotic resistance, e. g., chloramphenicol, kanamy 
cin, G418, bleomycin, hygromycin) to permit selection of 
those cells transformed With the desired DNA sequences 
(Blondelet-Rouault (1997) Gene 190:315-317; Aubrecht 
(1997) J. Pharmacol. Exp. Ther. 281:992-997). 

[0088] 
[0089] In one embodiment, the nucleic acids encoding the 
CRT-Class I-binding peptide epitopes are cloned into 
expression cassettes such as plasmids or other vectors, 
viruses that can transfect or infect cells in vitro, ex vivo 
and/or in vivo. A number of delivery approaches are knoWn, 
including lipid or liposome based gene delivery (Mannino 
(1988) BioTechniques 6:682-691; US. Pat. No. 5,279,833), 
replication-defective retroviral vectors With desired exog 
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enous sequence as part of the retroviral genome (Miller 
(1990) Mol. Cell. Biol. 10:4239; Kolberg (1992) J. NIH Res. 
4:43; Cornetta (1991) Hum. Gene Ther. 2: 215; Zhang 
(1996) Cancer Metastasis Rev. 15:385-401; Anderson, Sci 
ence (1992) 256: 808-813; Nabel (1993) TIBTECH 11: 
211-217; Mitani (1993) TIBTECH 11: 162-166; Mulligan 
(1993) Science, 926-932; Dillon (1993) TIBTECH 11: 167 
175; Miller (1992) Nature 357: 455-460). 
[0090] Expression cassettes can also be derived from viral 
genomes. Vectors Which may be employed include recom 
binantly modi?ed enveloped or non-enveloped DNA and 
RNA viruses, examples of Which are baculoviridae, par 
voviridae, picornoviridae, herpesviridae, poxviridae, aden 
oviridae, picornnaviridae or alphaviridae. Chimeric vectors 
may also be employed Which exploit advantageous merits of 
each of the parent vector properties (Feng (1997) Nature 
Biotechnology 15:866-870). Such viral genomes may be 
modi?ed by recombinant DNA techniques to include the 
gene of interest and may be engineered to be replication 
de?cient, conditionally replicating or replication-competent. 
Vectors can be derived from adenoviral, adeno-associated 
viral or retroviral genomes. Retroviral vectors can include 
those based upon murine leukemia virus MuLV), gibbon ape 
leukemia virus (GaLV), simian immunode?ciency virus 
(SIV), human immunode?ciency virus (HIV), and combi 
nations thereof (Buchscher (1992) J. Virol. 66(5) 2731 
2739; Johann (1992) J. Virol. 66 (5):1635-1640 (1992); 
Sommerfelt (1990) Virol. 176:58-59; Wilson (1989) J. Virol. 
63:2374-2378; Miller (1991) J. Virol. 65 :2220-2224. Adeno 
associated virus (AAV)-based vectors can transduce cells for 
the in vitro production of nucleic acids and peptides, and be 
used in in vivo and ex vivo therapy procedures (Okada 
(1996) Gene Ther. 3:957-964; West (1987) Virology 160:38 
47; Carter (1989) US. Pat. No. 4,797,368; Carter et al. WO 
93/24641 (1993); Kotin (1994) Human Gene Therapy 
5:793-801; MuZycZka (1994) J. Clin. Invst. 94:1351). 
[0091] In Vivo Administration Using Self-Replicating 
RNA Replicons 

[0092] In addition to the above-described expression vec 
tors and recombinant viruses, self-replicating RNA replicons 
can also be used to infect cells or tissues or Whole organisms 
With a fusion protein-expressing nucleic acids of the inven 
tion. Thus, the invention also incorporates RNA viruses, 
includin alphavirus genome RNAs such as from Sindbis 
virus, Semliki Forest virus, VeneZuelan equine encephalitis 
virus, and the like, that have been engineered to alloW 
expression of heterologous RNAs and proteins. High levels 
of expression of heterologous sequences such as the fusion 
polypeptides of the invention, are achieved When the viral 
structural genes are replaced by the heterologous coding 
sequences. 

[0093] These recombinant RNAs are self-replicating 
(“replicons”) and can be introduced into cells as naked RNA 
or DNA. HoWever, they require trans complementation to be 
packaged and released from cells as infectious virion par 
ticles. The defective helper RNAs contain the cis-acting 
sequences required for replication as Well as an RNA 
promoter Which drives expression of open reading frames. 
In cells co-transfected With both the replicon and defective 
helper RNAs, viral nonstructural proteins translated from 
the replicon RNA alloW replication and, transcription of the 
defective helper RNA to produce the virion’s structural 
proteins (Bredenbeek (1993) J. Virol. 67:6439-6446). 






































